consist of distinctive domains, such as N-terminal transactivation domain, central DNA-binding domain (DBD), ligand-binding domain (LBD), and C-terminal coactivator/ corepressor interacting domain (Zhao et al., 2008) . Although the biochemical responses of ERα and ERβ to estrogens are largely similar in their modes, the two ERs show different and specific gene expression pattern in some tissues such as breast cancer (Thomas & Gustafsson, 2011; Haldosén et al., 2014) .
In teleost fishes, ERα and ERβ are widely expressed in various tissues, and hepatic vitellogenesis which is a pivotal process for ovarian maturation provides a physiologically relevant endpoint of ER activation (Nelson & Habibi, 2013) . In fact, hepatic vitellogenesis and the ERα gene expression are commonly used as bioassays for endocrine disruptors that have estrogen-like activity, whereas the biological significances of ERβ genes are not well elucidated up to now. Furthermore, involvement of ERβ in the control of estrogen-responsive genes in specific tissues is also poorly understood. In a previous report, E2-dependent induction of red fluorescent protein reporter gene expression driven by choriogenin H gene promoter was shown in transgenic marine medaka Oryzias dancena under a wide range of salinity conditions (Cho et al., 2013) . To evaluate ERβ-mediated E2 responsiveness in euryhaline teleosts, we firstly investigated the expression profile of ERβ gene in several tissues and transcriptional activities of the ERβ proteins were examined in marine medaka.
cDNA cloning of O. dancena ERβ
Total RNA was extracted from the whole body of adult medaka O. dancena, using the RNA Prep kit (Bioneer, Daejeon, Korea) according to the manufacturer's protocol.
To obtain full-length ERβ cDNA, the first-strand cDNA was synthesized with the extracted total RNA using a SMART rapid amplification of cDNA ends (RACE) cDNA Amplification kit (Clontech Lab, Palo Alto, CA, USA). A cDNA fragment was amplified with a forward and reverse primer set (#1 and #2; reading frame of the odERβ cDNA was amplified by a conventional PCR using a primer set (#4 and #5, Table 1) and cloned into the Eco RI-Xho I restriction sites in pcDNA3-HA-NLS vector (Zavacki et al., 1997) . Escherichia coli competent cells were transformed with the vectors and all of the constructs were sequenced by the Sanger method.
Phylogenetic and sequence analysis of O. dancena

ERβ1 cDNA
The amino acid alignment was carried out by CLUSTALW with MEGA6 (Tamura et al., 2013) , and the phylogenetic tree was constructed using the maximum-likelihood (ML) method based on the JTT matrix-based model (Jones et al., 1992) . Branch supports were provided using 1,000 bootstrap replicates.
Tissue distribution assay of O. dancena ERβ1 transcripts
To examine tissue distribution pattern of ERβ1 transcripts, 12 kinds of tissues including brain, eye, fin, gill, heart, intestine, kidney, liver, muscle, spleen, ovary, and testis were surgically removed from mature marine medaka individuals (six males and six females; average body weight=2.3±0.3 g) that had been communally grown under the culture conditions: salinity at 15 ppt, temperature at 26±1℃ and dissolved oxygen level at 6±1 ppm. Total luciferase assay were conducted as described previously (Maeng et al., 2005) . 
Statistical analysis
Differences in basal mRNA expression levels of odERβ among adult tissues and luciferase activities (Fig. 1B) . A molecular phylogenetic analysis revealed that teleostean ERβ1 proteins including odERβ1 formed a monophyletic group that was distinct from a clade comprising tetrapodian ERβ and teleostean ERβ2 and ERα proteins (Fig. 2) .
Tissue distribution pattern and basal expression levels of O. dancena ERβ1 transcripts
From end-point RT-PCR analysis, odERβ1 mRNAs were predominantly expressed in the ovary (Fig. 3A) .
Besides the ovary, odERβ1 transcripts were also detectable in the brain, gill, intestine, kidney, and muscle, although expression levels in those tissues were significantly lower than that of the ovarian expression. Meanwhile, under the present RT-PCR conditions, odERβ1 mRNAs were not clearly detected in the eye, fin, heart, liver, spleen and testis. The robust expression of odERβ1 mRNAs in the ovary was clearly reproduced in RT-qPCR assay with female tissues, in which the ovarian expression level was 3.8-15.3 times greater than those in other tissues examined (p<0.05; Fig. 3B ). Among non-ovarian tissues, brain showed a higher expression compared to other tissues (p<0.05). Expression patterns in male somatic tissues were not significantly dissimilar from those observed in female.
Like in female tissues, male brains displayed a relatively higher expression than others did, although the difference was not highlighted as much as in female (Fig. 3C) . In comparison between genders within a given tissue, females tended to show a higher expression level of odERβ1 in the brain than males did, however, the difference was not statistically significant due to large individual variations.
There was no gender-dependent difference in the expression level of the expression level of odERβ1 for gill, intestine, muscle and kidney (p>0.05).
Functional characterization of O. dancena ERβ1
The transcriptional activity of the odERβ1 was evaluated by cotransfection of a luciferase reporter, ERE-Luc, into a mammalian cell line, HEK293. The ERE-Luc reporter activities of odERβ1 were significantly elevated by E2 and the response of odERβ1 showed a dose dependent manner (p<0.05). The transcriptional fold-activation of odERβ1 in the presence of E2 was markedly weak, when the activities of O. latipes ERβ1 (olERβ1) and Oncorhynchus masou ERα (msERα) were compared (Fig. 4B) . The foldtransactivation of odERβ1 by E2 treatment showed a dose dependent manner. Transfected HA-tagged odERβ1, olERβ1, and msERα expression vectors were mainly expressed in the nucleus of HEK293 cells (Fig. 4C ).
In the present study, we cloned an ERβ1 subtype cDNA ERβ isoforms lacking or changing of F domain by alternative splicing of the last coding exons have been reported (Haldosén et al., 2014) . The AF-2 region of E2-bound ERs mainly interact with transcriptional co-regulators, i.e., NCoR, SMRT, and GRIP1, and then the ER complex may recruit the basal transcription machinery including RNA polymerase II (Glass & Rosenfeld, 2000; Webb et al., 2003) . Although the function of AF-2 region of ERβ is unclear in teleosts, AF2-deleted female mice were significantly less preferred by adult males than that of normal females in odor preference tests (Antal et al., 2012) . Implication of ERβ1 variants in the reproductive axis of teleosts is needed to be elucidated.
Tissue-specific expression of ER subtypes was demonstrated during the life cycle of teleosts (Sabo-Attwood et al., 2004; Chakraborty et al., 2011) . The odERβ1 transcripts were strongly expressed in the ovary and significantly detectable in the brain than those of gill, intestine, kidney, and muscle, whereas olERβ1 mRNA expression was observed as faint bands in the testis and the brain (Chakraborty et al., 2011) . In rainbow trout, the mRNA for ERβ1 was detected in diverse tissues, e.g., the testis, ovary, brain, and kidney (Nagler et al., 2007) . Interestingly, the rainbow trout ERβ1 transcript abundance in the ovary showed the highest expression at the beginning of the reproductive cycle, but then decreased afterward (Nagler et al., 2012) .
The expression of rockfish ERβ1 mRNA was also significantly higher in the ovary at the early-oocyte stage (Mu et al., 2013) . The brain of female O. dancena showed relatively higher level of odERβ1 transcript than other tissues examined. Recently, ERβ1-null female medaka showed apparently normal sexual behavior, but without fertility and oviposition in response to male courtship (Kayo et al., 2019) . These observations suggest that ERβ1 latipes ERβ1.
